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a b s t r a c t

Background: While total hip arthroplasty (THA) is extremely successful, early failures do occur. The
purpose of this study was to determine the cause of revision in specific patient demographic groups at 3
time points to potentially help decrease the revision risk.
Methods: Data for cases performed between 2012 and 2018 from a statewide, quality improvement
arthroplasty registry were used. The database included 79,205 THA cases and 1,433 revisions with
identified etiology (1,584 in total). All revisions performed at <5 years from the primary THA were
reviewed. Six groups, men/women, <65, 65-75, and >75 years, were compared at revision time points <6
months, <1 year, and <5 years.
Results: There were obvious and significant differences between subgroups based on demographics and
time points (P < .0001). Seven hundred and fifty-six (53%) of all revisions occurred within 6 months. The
most common etiologies within 6 months (756 revisions) were fracture (316, 41.8%), dislocation/insta-
bility (194, 25.7%), and infection (98, 12.9%). At this early time point, the most common revision cause
was fracture for all age/gender-stratified groups, ranging from 27.6% in young men to 60% in older
women. Joint instability became the leading cause for revision after 1 year in all groups.
Conclusion: This quality improvement project demonstrated clinically meaningful differences in the
reason for THA revision between gender, age, and time from surgery. Strategies based on these data
should be employed by surgeons to minimize the factors that lead to revision.

© 2022 Elsevier Inc. All rights reserved.
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The literature is inconclusive as to the most common cause of
total hip arthroplasty (THA) failure leading to revision, both early
and late. The most commonly cited causes of revision are instability
[1e5], aseptic loosening [6e8], periprosthetic femur fracture [9,10],
or periprosthetic joint infection [11,12], with many different risk
factors cited for each [13e19]. This heterogeneity highlights the
need for further study and the utility of large multicenter data-
bases. Large registries in the United States and worldwide, such as
the American Joint Replacement Registry (AJRR) and the Australian
Orthopaedic Association National Joint Replacement Registry
(AOANJRR), for example, can be used to synthesize high volume
data over many hospital systems to identify trends in treatment
and complications [20e22]. Registry data are expected to be ever-
more useful in driving improvements in patient care [23e26].

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1016/j.arth.2022.03.014
www.sciencedirect.com/science/journal/08835403
http://www.arthroplastyjournal.org
https://doi.org/10.1016/j.arth.2022.03.014
https://doi.org/10.1016/j.arth.2022.03.014
https://doi.org/10.1016/j.arth.2022.03.014


Table 1
Demographic Data; n ¼ 79,205.

Variables Mean (Standard Deviation [SD]) or N (%)

Age Mean (SD) ¼ 64.8 (11.1)
BMI Mean (SD) ¼ 30.5 (6.3)
Smoking
Never-smokers 37,550 (47.4%)
Previous smokers 30,503 (38.5%)
Current smokers 10,778 (13.6%).

Gender
Female 43,144 (54.47%)
Male 36,041 (45.50%)
Missing/Unknown 20 (0.03%)

Age
<65 37,968 (47.94%)
65~75 25,606 (32.33%)
75þ 15,631 (19.73%)

Gender by Age
Female <65 18,339 (23.16%)
Male <65 19,618 (24.77%)
Female (65~75) 14,934 (18.86%)
Male (65~75) 10,666 (13.47%)
Female 75þ 9,871 (12.47%)
Male 75þ 5,757 (7.27%)

Table 2
Number of Revisions with a Known Reason in Each Subgroup by Age and Gender.
Total Known Revisions, n ¼ 1,433.

W/In 6 mo W/In 1 y W/In 5 y

Total revisions 756 961 1,419
Female age <65 154 217 366
Female 65-75 150 184 269
Female age >75 136 160 195
Male age <65 141 185 290
Male 65-75 93 121 180
Male age >75 82 94 119
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The Michigan Arthroplasty Registry Collaborative Quality
Initiative (MARCQI) is a consortium that consists of more than 64
participating hospitals and 15 ambulatory surgery centers in the
state of Michigan focused on total joint arthroplasty (TJA) [27]. The
stated goals include improving patient safety and quality of TJA
procedures through an analysis of registry data [27]. MARCQI
captures data on more than 96% of all elective arthroplasty cases
performed in the state of Michigan and has more than 370,000 fully
abstracted cases. All data points are specifically obtained by trained
nurse abstractors at each participating clinical site.

As a quality improvement project, MARCQI data were used to
evaluate and determine the most common causes for hip revision
surgery overall and within 6 specific patient subgroups at 3
differing time points. The goal was to improve the quality by
recognizing risk factors for the specific subgroups to guide treat-
ment regimens and choice of implant when performing THA.

Methods and Statistical Analysis

All data were obtained from the MARCQI database [28]. Despite
having a determination of ‘not regulated’ under 45 CFR (US
Department of Health and Human Services 'Code of Federal Regu-
lations') 46 by the University of Michigan’s Institutional Review
Board, an additional institutional review board exemption was
obtained from the Beaumont Health (Royal Oak, MI). Data for THA
cases performed between February 2012 and December 2018 were
used for an analysis. All revisions performed within 5 years from
their index primary procedure were reviewed. The distribution of
variables was examined and determined prior to the analysis. Age
was categorized into 3 subgroups: age less than 65 years, age be-
tween 65 and 75 years, and age older than 75 years. To determine
the reason for revision at different time points, the time-to-revision
after the index surgery was determined and the cases stratified into
three subgroups: revision within 6 months, within 1 year, and
within 5 years, respectively. The reasons for revision were deter-
mined overall and based on the stratified data by gender and age
group and the top 3 reasons for revisions in each subgroup were
reported. The reasons for new revision cases within each time
period exclusive of the other time periods ie, <6 months, 6 months
to 1 year,1 year to 5 years, were also explored. The trends of reasons
for revisionwere visualized using line graphs. The trends of the top
3 reasons identified in each subgroup were also plotted. The Chi-
square testing was used to evaluate data distribution and to
determine whether observed differences in revision causes among
and between groups carried statistical significance. P values of less
than .05 were considered significant.

Note: Support for the Michigan Arthroplasty Registry Collabo-
rative Quality Initiative is provided by Blue Cross Blue Shield of
Michigan and Blue Care Network as part of the Blue Cross and Blue
Shield of Michigan (BCBSM) Value Partnerships Program. Although
Blue Cross Blue Shield of Michigan and the Michigan Arthroplasty
Registry Collaborative Quality Initiative work collaboratively, the
opinions, beliefs, and viewpoints expressed by the author do not
necessarily reflect the opinions, beliefs, and viewpoints of BCBSM
or any of its employees.

Results

At the time of the study, the database included 79,205 elective
THA cases and 1,433 revisions with identified reasons (1,570 re-
visions in total).

The mean age and body mass index (BMI) for the study popu-
lation were 64.8 and 30.5, respectively. Overall there were 43,144
(54.5%) THA cases in females and 36,041 (45.5%) THA cases in
males. Twenty (0.03%) cases were lacking an identified gender and
were excluded from the analysis. Descriptive demographic statis-
tics of all THA cases included in the study are shown in Table 1.

There were 1,433 total revision THAs with an identified reason,
which was broken down by age group and time period (Table 2). Of
the 1,433 identified revisions, 756 (52.8%) occurred in the first 6
months following the index procedure, 961 (67.1%) occurred within
one year, and 1,419 (99%) within 5 years. The 14 (<1%) revisions that
occurred >5 years after the index procedure were not included in
further analysis. The Younger Female group had the highest total
number of revisions at all the time points, followed by Females
aged 65-74 years and Younger Males within 6 months and Younger
Males and Females aged 65-74 years within 1 year and 5 years,
respectively.

The overall revision percentage for all reasons (including when
no reason was identified) for each age group at each time point
(Table 3) was significantly different across all groups (P < .001).
Overall, 1.07% of all THAs were revised within 6 months of index
procedure, 1.37% were revised within 1 year, and 1.98% within 5
years. Older Males had the highest percentage of revisions within 6
months (1.55%), followed by Older Females (1.49%) and Females
aged 65-74 years (1.07%). Older Males also had the highest revision
rate within 1 year (1.77%), followed by Younger Females (1.46%).
Younger Females had the highest revision rate within 5 years
(2.33%), followed by Older Males (2.24%) and Older Females (2.12%).
Younger Males had the lowest rate of revision at all the time points
(0.8%, 1.05%, and 1.6%, respectively).

The breakdown of the top 3 reasons for revision within each
age/gender-stratified group during each defined time period is
shown in Table 4. P values from Chi-square testing for all reasons for



Table 3
Percent of all Revisions in Each Subgroup by Age and Gender at Each Time Point. All
Numbers Represent % Value.

W/In 6 mo W/In 1 y W/In 5 y

Total revisions 1.07 1.37 1.98
Female age <65 1.02 1.46 2.33
Female 65-75 1.07 1.33 1.92
Female age >75 1.49 1.33 2.12
Male age <65 0.80 1.05 1.60
Male 65-75 1.01 1.34 1.91
Male age >75 1.55 1.77 2.24
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revision and across only the top three reasons are shown. Differ-
ences across all reasons for revision were significant (P < .05) in
every group except Older Females 1 year to 5 years (P ¼ .0536) and
Older Males 6 months to 1 year (P ¼ .429). Overall, 756 (52.76%) of
the 1,433 total revisions occurred within the first 6 months
following the index procedure. Two hundred and five (14.31%)
occurred in the 6 months to 1 year postindex procedure time
period, whereas 458 (31.96%) occurred between 1-5 years post-
index THA. The top reason for revisionwithin 6 months overall was
periprosthetic femur fracture, whereas the second most common
reason was dislocation/instability. This was also true of all age/
gender-stratified groups within 6 months except Males aged 65-
75 years, for whom the second most prevalent reason for revision
within 6 months was infection.

Joint infection became the most prevalent reason for revision
overall in the 6 month to 1 year time period, whereas aseptic
Table 4
Top 3 Reasons for Revision by Age and Gender. Total Revisions With Known Reasons, n
Across Only the Top 3 Reasons for Revision, Respectively.

Sex/Gender
groups

Rank Top 3 Reasons Within 6 mo
N ¼ 756 (52.76%)

Top
N ¼

Reasons N (%) Rea

Overall 1 Femur fracture 316 (41.8) Join
2 Dislocation/Instability 194 (25.7) Ase
3 Joint Infection 98 (12.9) Dis
P < .0001 for all reasons P <
P < .0001 for top 3 reasons P ¼

Female, age <65 1 Femur fracture 55 (35.7) Dis
2 Dislocation/Instability 46 (29.9) Join
3 Joint Infection 19 (12.3) Pain
P < .0001 for all reasons P <
P ¼ .0002 for top 3 reasons P ¼

Female, age 65~75 1 Femur fracture 77 (51.3) Join
2 Dislocation/Instability 38 (25.3) Ase
3 Aseptic Loosening 11 (7.3) Dis
P < .0001 for all reasons P ¼
P < .0001 for top 3 reasons P ¼

Female, age 75þ 1 Femur fracture 82 (60.3) Dis
2 Dislocation/Instability 30 (22.1) Join
3 Joint Infection 7 (5.2) Pain
P < .0001 for all reasons P ¼
P < .0001 for top 3 reasons P ¼

Male, age <65 1 Femur fracture 39 (27.7) Join
2 Dislocation/Instability 39 (27.7) Ase
3 Joint Infection 33 (23.4) Pain
P < .0001 for all reasons P <
P ¼ .7230 for top 3 reasons P ¼

Male, age 65~75 1 Femur fracture 27 (29.0) Join
2 Joint Infection 23 (24.7) Ase
3 Dislocation/Instability 22 (23.7) Dis
P < .0001 for all reasons P ¼
P ¼ .7470 for top 3 reasons P ¼

Male, age 75þ 1 Femur fracture 36 (43.9) Fem
2 Dislocation/Instability 19 (23.2) Join
3 Joint Infection 11 (13.4) Ase
P < .0001 for all reasons P ¼
P ¼ .0006 for top 3 reasons P ¼
loosening and dislocation/instability were the second and third
most-prevalent, respectively. Joint infection was in the top 2 rea-
sons for revision in each of the stratified groups from 6months to 1
year. Periprosthetic femur fracture was no longer in the top three
reasons for revision in any group except for Males aged 75þ years.

Beyond 1 year postindex procedure, aseptic loosening was the
most common reason for revision in all groups. After being the
most common reason for revision in every group within 6 months,
periprosthetic femur fracture was only in the top 3 reasons for
three groups: Older Females 1 year to 5 years, Older Males 6
months to 1 year, and Older Males 1 year to 5 years. Overall inci-
dence of joint infection decreased from the 6-month time period to
the 6 month to 1 year period, despite becoming the most prevalent
reason for revision, before increasing again in the 1 year to 5 years
group. Aseptic loosening showed a steady increase in incidence as
time progressed, whereas the incidence of dislocation/instability
remained relatively constant as a percentage across time periods.

The trend of revision causes over time showed that the preva-
lence of fracture decreased after the first 6 months, whereas other
causes increased in prevalence after 6 months. This is demon-
strated graphically in Figure 1.

Discussion

Despite material and technological advances in primary THA,
early failure and revision rates have not declined substantially [29].
Previous studies have shown that the incidence of revision surgery
has increased in the United States [2]. This trend is predicted to
¼ 1,433. P Values Shown for Chi-Square Testing Across all Reasons for Revision and

3 Reasons 6 mo to 1 y
205 (14.31%)

Top 3 Reasons 1 y to 5 y
N ¼ 458 (31.96%)

sons N (%) Reasons N (%)

t Infection 66 (32.2) Aseptic Loosening 146 (31.9)
ptic Loosening 42 (20.5) Dislocation/Instability 89 (19.4)
location/Instability 41 (20.0) Joint Infection 80 (17.5)
.0001 for all reasons P < .0001 for all reasons
.0177 for top 3 reasons P < .0001 for top 3 reasons
location/Instability 20 (31.8) Aseptic Loosening 48 (32.2)
t Infection 15 (23.8) Dislocation/Instability 33 (22.2)

14 (22.2) Pain 25 (16.8)
.0001 for all reasons P < .0001 for all reasons
.5312 for top 3 reasons P ¼ .0211 for top 3 reasons
t Infection 12 (35.3) Aseptic Loosening 30 (35.3)
ptic Loosening 6 (17.7) Dislocation/Instability 27 (31.8)
location/Instability 6 (17.7) Joint Infection 15 (17.7)
.0077 for all reasons P < .0001 for all reasons
.2231 for top 3 reasons P ¼ .0724 for top 3 reasons
location/Instability 9 (37.5) Aseptic Loosening 10 (28.6)
t Infection 6 (25) Dislocation/Instability 8 (22.9)

4 (16.7) Femur fracture 6 (17.14)
.0423 for all reasons P ¼ .0536 for all reasons
.3679 for top 3 reasons P ¼ .6065 for top 3 reasons
t Infection 18 (40.9) Aseptic Loosening 32 (30.5)
ptic Loosening 15 (34.1) Joint Infection 22 (20.9)

4 (9.1) Dislocation/Instability 12 (11.4)
.0001 for all reasons P < .0001 for all reasons
.0122 for top 3 reasons P ¼ .0106 for top 3 reasons
t Infection 11 (39.3) Aseptic Loosening 17 (28.8)
ptic Loosening 8 (28.6) Joint Infection 14 (23.7)
location/Instability 5 (17.9) Dislocation/Instability 8 (13.6)
.0003 for all reasons P < .0001 for all reasons
.3247 for top 3 reasons P ¼ .1988 for top 3 reasons
ur Fracture 4 (33.3) Aseptic Loosening 9 (36)
t Infection 4 (33.3) Femur fracture 6 (24)
ptic Loosening 2 (16.7) Joint Infection 5 (20)
.4290 for all reasons P ¼ .0468 for all reasons
.6703 for top 3 reasons P ¼ .5220 for top 3 reasons



Fig. 1. Trends over time (by percentage) of reasons for revision among entire study population (topeall reasons; bottometop 3 reasons as identified at 6 months).
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continue, and the demand for hip revision procedures is projected to
double by the year 2026, with an overall projection to grow by 13.7%
between 2005 and 2030 [30e32]. The cost of revision surgery places
a large economic burden of US healthcare, as the mean total cost of a
revision surgery is nearly $78,000, [4] the total cost was $1.40 billion
in 2003, and the mean economic burden was 18.8% [33].

Despite these persistent risks and economic burden, THA remains
one of themost successful surgeries in orthopedics, with at least 93%
patient satisfaction [34]. The number of primary THAs performed
eachyear continues to grow. By 2030, the demand for primary THA is
estimated to grow by 17.4% to 572,000 [30]. The demographics of
THA are shifting as well. The age distribution of inpatients aged 45
years and older who received THAs changed drastically between
2000 and 2010, with the percentage of THAs increasing for younger
age groups and decreasing for older age groups [35]. In light of this
shifting landscape, it is not surprising that demographics differences
are associated with different causes of revision. For these reasons,
studying the causes for revision surgery by MARCQI was felt to be
important to improve quality and patient care for the consortium
hospitals and the orthopedic community at large.

The overall revision rate for the MARCQI study’s populationwas
1.98% after 5 years. Importantly, more than half of the revisions
occurred within the first 6 months (the vast majority of these
within 6 weeks). These revision rates are not dissimilar to other
studies that evaluated an early revision [29,36]. Historically, aseptic
loosening and/or dislocation have been cited as more prevalent
causes of revision than fracture [1e8]. Likewise, some studies
examining only early causes of revision have identified aseptic
loosening and instability as the most common causes for revision
[3,37], whereas other authors’ results have begun to challenge this
notion [38]. Within the MARCQI population, the causes of revision
may demonstrate a shifting paradigm. Within 6 months, fracture
represented the leading cause of revision (41.8%), followed by
dislocation (25.7%) and then infection (12.96%). This trend was true
when the data were stratified based on gender and age. All sub-
groups had fracture as the leading cause of revision within 6
months. Early femur fracture was most pronounced in females
more than the age of 75 years, with periprosthetic fracture as the
cause for revision in 60.3% of cases (<6months). Although not quite
as pronounced as elderly women, fracture also represented the
most common cause for revision in males >75 years at 6 months
and remained in the top 2 causes across all time points. Osteopenia
and osteoporosis are prevalent in this elderly population [39],
suggesting bone quality, bone stock, and perhaps bone morphology
contributed meaningfully to the finding. Although the younger age
groups also had a high prevalence of early periprosthetic femur
fracture, the risk appeared to taper off after 6 months and femur
fracture failed to appear in the top 3 causes of revision in any of
those groups after 6 months. This again suggests that bone quality
contributed to the etiology of revision. In short, periprosthetic
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femur fracture is a substantial risk for early THA revision for all
patients in the early postoperative period regardless of age or
gender. This risk factor declines over time, especially for younger
patients. Results from this study suggest that patients cannot be
treated with a one-size-fits-all strategy. Many of these early failures
are likely preventable and may stem from the decisions that sur-
geons make. Beyond surgical considerations, surgeons need to
consider comorbidities and social factors that may place the patient
at an increased risk for early periprosthetic fracture.

Studies in the past, including those from other large databases,
have identified aseptic loosening as one of the most common
reason for THA revision [3,37,40]. As time progressed, the risk of
aseptic loosening as a cause of revision increased in the MARCQI
population as a whole. At more than 5 years after index procedure,
aseptic loosening became the most prevalent cause for revision in
all age/gender-stratified groups. This was especially prominent in
the younger subset of the MARCQI population (males and females
aged <65 years), for whom the difference between the top causes
was significant. Although studies in the past have pointed to
monoblock metal-on-metal components as a potential cause of
aseptic loosening [37], the findings from the MARCQI population
suggest that aseptic loosening remains a problem with more
modern hip arthroplasty designs, especially in younger patients.

Large registries can be used to synthesize high volume data over
many hospital systems and identify treatment trends and compli-
cations which would have been impossible in the past. They have
been shown to help improve implant quality and patient outcomes
[40,41]. As registries mature and the data analysis becomes more
refined, they should be ever-more useful in driving quality im-
provements in patient care [23]. This study used a state-wide quality
improvement total joint registry with a large volume of patients and
multiple institutions in the state of Michigan. The relatively large
sample size (n¼ 1,433) provided a clear benefit of the study and the
results represented should have generalizability and should translate
well to other parts of the nation. This study carries limitations, many
of which are inherent to all registry studies. The data are consoli-
dated from a variety of surgeons and institutions, which introduces
heterogeneity in implants, surgical technique, and level of expertise,
among other factors. Because the data are limited to the state of
Michigan, it may have regional biases, including industry affiliations
and surgeon training. In addition, our data does not include patient-
reported outcome measures, which are relevant to the success of
THA, even if a revision surgery is not pursued. Finally, our data does
not include full 5-year follow-up data for every queried patient,
which leaves open the possibility that more revisions may occur in
1-5 year postoperative period than reported.

This study helps to elucidate meaningful differences in the
causes for revision based on age and gender. Periprosthetic fracture
is an emerging and consequential risk, particularly in patients aged
>75 years. By considering each patient’s unique set of risk factors,
the arthroplasty surgeon is better equipped to mitigate these risks.
We suggest that patients be stratified by age and gender during
preoperative planning. Further work will attempt to establish dif-
ferences in revision rates based on implant geometry and a surgical
technique to further aid in surgeon decision making. We anticipate
that a treatment algorithm based on patient specific variables can
be established to guide surgeons to make the safest and highest
quality arthroplasty decisions for their patients.
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